Background: Death after acute stroke often occurs after forgoing life-sustaining interventions. We sought to determine the patient and hospital characteristics associated with an early decision to transition to comfort measures only (CMO) after ischemic stroke (IS), intracerebral hemorrhage (ICH), and subarachnoid hemorrhage (SAH) in the Get With The Guidelines-Stroke registry. Methods: We identified patients with IS, ICH, or SAH between November 2009 and September 2013 who met study criteria. Early CMO was defined as the withdrawal of life-sustaining treatments and interventions by hospital day 0 or 1. Using multivariable logistic regression, we identified patient and hospital factors associated with an early (by hospital day 0 or 1) CMO order. Results: Among 963,525 patients from 1,675 hospitals, 54,794 (5.6%) had an early CMO order (IS: 3.0%; ICH: 19.4%; SAH: 13.1%). Early CMO use varied widely by hospital (range 0.6%-37.6% overall) and declined over time (from 6.1% in 2009 to 5.4% in 2013; p , 0.001). In multivariable analysis, older age, female sex, white race, Medicaid and self-pay/no insurance, arrival by ambulance, arrival off-hours, baseline nonambulatory status, and stroke type were independently associated with early CMO use (vs no early CMO). The correlation between hospital-level risk-adjusted mortality and the use of early CMO was stronger for SAH (r 5 0.52) and ICH (r 5 0.50) than AIS (r 5 0.15) patients. Conclusions: Early CMO was utilized in about 5% of stroke patients, being more common in ICH and SAH than IS. Early CMO use varies widely between hospitals and is influenced by patient and hospital characteristics.
A pproximately 10% of ischemic stroke patients and up to 30% of hemorrhagic stroke patients die within 30 days following stroke. As a result, end-of-life and palliative care plays an important role in the management of stroke patients. The growing importance of palliative care in stroke management is reflected in the recent American Heart Association/American Stroke Association scientific statement that focuses on the basic core concepts, skills, and expectations surrounding end-of-life care services for stroke patients. 1 Despite this increasing interest in the field, there have been limited national data on the temporal or current practice patterns on the early decision (by hospital day 0 or 1) to transition from traditional or aggressive acute treatment to the withdrawal of life-sustaining treatments and a focus on comfort care (often called comfort measures only [CMO] ) after acute stroke. Prior studies have been single center or multihospital studies using administrative datasets or population-based cohort studies reflective of a single geographic region, and often were restricted to patients with intracerebral hemorrhage (ICH). [2] [3] [4] [5] [6] As information on receipt of palliative care services has not been available in these datasets, a broad array of proxies or components of palliative care have been investigated, including the use of do-not-resuscitate (DNR) orders, advance directives, and withdrawal of life-sustaining treatment after stroke. 3, 5, 6 The documentation of CMO indicates withdrawal of life-sustaining treatments is more likely to occur closer to the time of death, and is therefore more likely to directly reflect initiation of end-of-life discussions that may include palliative care consultation. Importantly, the use of CMO designations should not be confused with the use of DNR orders, which may be put in place before the acute stroke event and do not limit intensive acute stroke treatments. While CMO is appropriate to limit suffering in the dying patient, its use before a clear prognostication has been made may be detrimental. 6 We therefore aimed to assess the prevalence of early CMO (hospital days 0 or 1) after all types of stroke and within types using the nationwide Get With The Guidelines (GWTG)-Stroke registry and to identify patient, hospital, and geographic factors associated with its utilization in the United States.
METHODS

Data source
The GWTG-Stroke registry is a quality improvement program for stroke care at over 2,000 hospitals in the United States that promotes consistent adherence to the latest scientific management guidelines. Hospitals enter clinical and outcomes data via a web-based Patient Management Tool (Quintiles Inc., Cambridge, MA).
Standard protocol approvals, registrations, and patient consents Data analysis was done by the Duke Clinical Research Institute with local institutional review board approval. Under the common rule, sites are granted a waiver of informed consent, as the data are mainly used locally for quality improvement.
Data collection and study population
Using the GWTG-Stroke registry, we identified patients admitted with acute ischemic stroke (AIS), ICH, or subarachnoid hemorrhage (SAH) at participating hospitals between Importantly, the use of CMO designations should not be confused with the use of DNR orders, which may be put in place before the acute stroke event and do not limit intensive acute stroke treatments. November 5, 2009 , and September 30, 2013, who (1) had known timing of CMO status by hospital day; (2) were not transferred in from or out to another acute care facility; and (3) were from hospitals .10 patients during the study period (figure 1). The use and timing of CMO has been a consistently reported data element since 2009.
Primary variable of interest
The use and timing of CMO after stroke were the primary variables of interest. The GWTG coding instructions defined CMO as documentation by a physician or other health care professional of comfort or hospice care services; other synonymous terms included terminal care and end-of-life care. CMO was explicitly differentiated from DNR, living will, no code, no heroic measure orders, or a physician order to withhold emergency resuscitative measures. The timing of CMO was defined as early CMO if documentation occurred on day 0 (day of hospital arrival) or day 1 (beginning with first midnight of the hospital stay). Thus, early CMO indicates documentation between the time of arrival and up to ,48 hours later. Late CMO was therefore defined as documentation occurring on or after day 2.
Patient and hospital characteristics Demographic data included age, sex, race/ethnicity, health insurance status, and arrival and admission data including on-off hours admission. Medical history included the presence of atrial fibrillation/flutter (AF), coronary artery disease (CAD), carotid stenosis, diabetes mellitus, heart failure, hypertension, prosthetic heart valve, peripheral vascular disease, smoking status, prior stroke/transient ischemic attack (TIA), and ambulatory status prior to admission. Hospital discharge destination, including mortality, and length of stay (LOS) were analyzed. Hospital characteristics including geographic region, the number of beds, hospital location, teaching and primary stroke center status, and annual volume of stroke by each type were also analyzed. Flowchart of study cohort assembly Statistical analysis All statistical analyses were performed using SAS version 9.3 software (SAS Institute, Cary, NC). Baseline patient and hospital characteristics were described overall and compared between those who did or did not receive an early CMO order. Categorical variables were presented as counts and proportions, and the difference between groups was tested using Pearson x 2 tests. Continuous variables were presented as medians with 25th and 75th percentiles and the difference between groups was tested using the Kruskal-Wallis test.
We used multivariable logistic regression model with generalized estimating equations to account for in-hospital clustering and identify characteristics associated with the binary outcome of early CMO use vs no early CMO use. Models were run for the total population as well as by each type of stroke (AIS, ICH, and SAH). Variables included in the model were determined using a complete list of clinically relevant factors including age, sex, stroke type, and hospital factors including teaching hospital status and bed size.
Single imputation was used to reduce missingness in the models. Most variables had a missing rate ,1% (table e-1 at Neurology.org/cp), except for insurance status (14%), arrival via emergency medical services (14%), and ambulatory status prior to admission (22%). For continuous variables with ,15% missingness, missing values were imputed to the median. Missing values for categorical variables were imputed to the most likely category (e.g., white for race). NIH Stroke Scale (NIHSS) score was included in the separate model for AIS patients. However, the missing rate was high (.30%), so a complete case analysis was used for this model. NIHSS was not included in the model for all stroke types or the separate models for ICH and SAH patients due to higher rates of missing. Hospital characteristics were also not imputed. For continuous variables, the linearity of the relationship between each variable and the outcome was assessed using a lack-of-fit test that compares the linear fit against a nonlinear fit modeled using a restricted cubic spline. If evidence of nonlinearity was found, linear splines of the continuous variable were used to achieve linearity. In the analysis, age is reported as a linear spline with a knot at 65 years and annual volume of stroke admissions is reported as a linear spline with a knot at 225 for overall stroke admissions, 200 for AIS admissions, 15 for SAH admissions, and 30 for ICH admission; in addition, in the ICH analysis, hospital size is reported as a linear spline with a knot at 500 beds.
To explore variation in the use of early CMO over the study period and between different hospital sites, we used an unadjusted generalized linear mixed model (GLMM) using a random effect term for site. We assumed a normal distribution of the hospital-specific intercepts of logodds of early CMO in this model. Model results quantify the variation of hospital rates of early CMO use after removing the effect of random sampling variation.
Because there is a concern that in-hospital mortality rate may be influenced by the hospitallevel CMO rate and therefore may represent an imperfect quality measure for hospital reporting, 4 we sought to describe associations between risk-adjusted hospital rates of early CMO use and risk-adjusted in-hospital mortality overall and by each stroke type using scatterplot graphs. Methods were analogous to prior calculations of risk-standardized mortality rates, 7 calculated for early CMO use and in-hospital mortality using multivariable GLMMs. Multivariable models included patient factors described previously. Spearman correlation coefficients were calculated to compare risk-adjusted rates of early CMO use and in-hospital mortality. Finally, we calculated interclass correlation coefficients to estimate how much the variability in CMO rates was attributable to hospital factors.
RESULTS
Among 963
,525 stroke patients from 1,675 hospitals who met inclusion criteria during the study period (figure 1), 54,794 (5.6%) received early CMO. The prevalence of early CMO use differed by stroke type (IS: 3.0%; ICH: 19.4%; SAH: 13.1%; p , 0.001). There was a slight decrease in early CMO use (p , 0.001) over the study period (from 6.1% in 2009 to 5.4% in 2013). There was considerable hospital-level variation in the use of early CMO; individual hospital-specific rates ranged from 0.6% to 37.6% overall, and were as high as 75.6% among ICH patients at some hospitals (figure 2). Older age, female sex, white race, arrival by ambulance, hemorrhagic stroke types, higher stroke severity, and AF were associated with early CMO use. Patient-and hospital-level factors associated with early CMO use on univariate analysis in the overall cohort are shown in table e-2.
In multivariable analysis (table 1) for all strokes combined, older age, female sex, white race, Medicaid and self-pay/no insurance, arrival by ambulance, arrival off-hours, baseline nonambulatory status, and stroke type (SAH and ICH vs AIS) were all strongly and independently associated with early CMO use. Among medical risk factors, AF and CAD were associated with increased odds of early CMO use, while hypertension, diabetes, dyslipidemia, prior stroke/TIA, carotid stenosis, and smoking history were associated with lower odds of early CMO use. Among hospital characteristics, rural (vs urban) hospitals, those in the Midwest, South, and West regions (vs Northeast), and smaller hospitals were more likely to initiate early CMO. While there was no significant relationship between primary stroke center or academic medical center status and early CMO use, there was a nonlinear relationship between annual stroke admissions and early CMO use; using linear spline analysis, we observed a 9% decrease in the odds of early CMO use per 100 annual admissions up to 225 annual admissions, and a 5% increase in the odds of early CMO use per 100 annual admissions above 225. Separate multivariable analyses by stroke type are presented in table e-3. Notably, AF was more frequently associated with early CMO among AIS patients while off-hours arrival was more frequently associated with early CMO in hemorrhagic stroke types.
Comparing hospital-level early CMO rate and hospital-level risk-adjusted mortality rate, the correlation was weakest in AIS patients compared to SAH and ICH patients (figure 3); the risk-adjusted mortality rate ranged from 0.040 to 0.062. Assessing hospital discharge destinations among early CMO patients, we found that 82.3% either died or were discharged to hospice care while 2.3% of early CMO patients were discharged to acute rehabilitation centers (4.1% among AIS patients vs 0.9% and 0.8% in ICH and SAH patients, respectively). Among early CMO patients, median LOS was 2 days compared to 4 days among non-early CMO patients (p , 0.001).
DISCUSSION
In this analysis from the GWTG-Stroke registry, early use of comfort care measures, defined as the transition on day 0 or day 1 of hospitalization to comfort-focused care, were utilized in over 5% of stroke patients during the hospital stay and varied by stroke type, being significantly more frequent in hemorrhagic vs ischemic stroke. Since ICH and SAH patients have higher mortality than ischemic stroke patients, early CMO decisions may be more common after ICH and SAH. Our findings expand on prior work from the United Kingdom, where investigators observed greater use of palliative care services after ICH than after AIS adjusting for level of consciousness and age. 8 While age and stroke severity, indicated by stroke type, NIHSS scores, and arrival mode, were strong predictors of early CMO use, other patient factors including sex, race-ethnicity, insurance status, and baseline disability were also associated with early CMO use. Furthermore, hospital and geographic region may further reflect practice variation such that smaller, rural hospitals outside the Northeast had increased early CMO use.
While access to palliative care services has been recommended early in the treatment course after severe stroke, providers are cautioned against implementing limitations in treatment until the prognosis for poor outcome is clear or the predicted outcome is inconsistent with the patient's previously expressed wishes. 1 Though errors in early stroke prognostication and their unintended consequences, often described as withdrawal bias, 9 have been welldescribed, there remains some debate as to whether withdrawal of life-sustaining treatment results in a self-fulfilling prophecy or reflects accurate mortality prediction.
6,9-14 Indeed, while there are risk models for early mortality after stroke, [15] [16] [17] [18] [19] these often cannot exclude the possibility of withdrawal bias and self-fulfilling prophecy that prevent complete ascertainment of the natural history had full life-sustaining measures been provided. Experience-based prognostication can also vary considerably between physicians, with both overestimation and underestimation of actual prognosis. 9, 20, 21 In our study, the proportion of patients in whom early CMO was initiated but who were later discharged to a rehabilitation center may represent a measure of this prognostic error, if patients initially deemed to have a poor prognosis subsequently improved. Reversal of CMO in AIS patients may occur as a result of clinical improvement from initial presentation, less imminent course to death following treatment limitations in ischemic compared with hemorrhagic stroke, or other changes in prognostication or family decision-making.
We also observed race and ethnic differences in utilization of CMO after stroke, confirming some prior findings evaluating early DNR and withdrawal of life-sustaining treatment. In a study of SAH patients in the Nationwide Inpatient Sample, black and nonwhite Hispanic patients, men, and those with insurance were less likely to have withdrawal of life-sustaining Experience-based prognostication can also vary considerably between physicians, with both overestimation and underestimation of actual prognosis.
treatment. 22 Another recent study of ICH patients identified female sex, nonwhite race, lack of insurance, and teaching hospital status as predictors of increased DNR utilization. 23 A prior GWTG-Stroke study also noted race-ethnic differences in comfort care use among ICH patients. 24 A fourth study in AIS patients who received thrombolysis noted similar findings. 25 In composite, these data underscore potential differences in the approach to and understanding of end-of-life care after stroke among minorities compared to non-Hispanic white patients.
Others have noted that presence of comorbidities such as pneumonia, cardiac disease, renal failure, dysphagia, and mechanical ventilation are associated with increased use of withdrawal of life-sustaining treatments or DNR orders after stroke, as these are likely markers of more severe stroke or worse baseline functional status. 4, 26, 27 While we confirm some of the prior associations between cardiac comorbidities and early CMO use, we were unable to evaluate dysphagia and mechanical ventilation because these variables are not collected in GWTGStroke; for example, dysphagia screening is documented in GWTG-Stroke but the results of the screen are not.
There is considerable hospital-level practice variation in early CMO utilization in the United States, corroborating prior state-based or regional studies. 4, 28, 29 This variation may be influenced by the size and location of the hospital and the annual volume of stroke patients. Furthermore, we noted geographic variation such that patients admitted to hospitals in the Midwest and West had significantly higher rates of CMO utilization than those in Northeastern hospitals. These data imply there may be variations in patient/surrogate and physician attitudes towards end-of-life decisions and perhaps inconsistent application of stroke prognostication. In addition, intensity of treatment may vary regionally and by hospital; hospital rate of early CMO use may inversely correlate with intensity of care at the hospital level and unpredictably affected by resources such as neurocritical care and palliative care services. Scorecards and hospital comparisons of mortality after stroke may need to consider these differences in patient preferences and cultural/religious factors as well as physician practices and biases towards CMO use in addition to stroke severity, type, and other true indicators of quality of care, the intended target of these public reporting strategies. 4, 29, 30 These variations in practice may occur when there is a limited body of evidence to support clinician recommendations and that may, therefore, be more prone to subjective opinion and anecdotal experiences. Since the true patient preferences are often unknown and the degree to which decisions were shared vs delegated to the clinicians is also unknown, it is difficult to know if more frequent use of early CMO represents appropriate matching of the treatment plan to patient wishes, or inappropriate early limitations before prognosis was certain.
There are strengths and limitations to our study. While most prior investigations of large datasets have focused on palliative care markers such as DNR status and withdrawal of specific services in specific types of stroke, we were able to evaluate the timing, prevalence, and predictors of CMO use after all types of stroke and across state and geographic boundaries. Several limitations exist, however. We are unable to evaluate specific clinical and radiographic factors including level of consciousness, brainstem function and its manifestations including dysphagia and respiratory failure, and extent of ischemic or hemorrhagic injury, herniation, mass effect, or hydrocephalus on imaging, which have previously been strongly associated with prognosis after stroke. 15, 17, [31] [32] [33] Though we captured NIHSS scores in AIS patients, it was missing in a majority of hemorrhagic stroke patients and therefore not included in the multivariable regression analysis. Second, GWTG-Stroke hospitals tend to be larger, often teaching hospitals, and may not be reflective of temporal patterns in other US hospitals. However, a recent study found that patients treated at GWTG-Stroke hospitals compared to those at nonparticipating US hospitals were similarly matched. 34 Third, we cannot be certain that consecutive patient reporting occurred, especially in patients in whom imminent death was expected. Fourth, the GWTG-Stroke registry does not capture DNR data. Fifth, we likely underestimated the effect of CMO on in-hospital mortality at the hospital level since we only included early and not also late CMO in the analysis. Sixth, we speculate that CMO reversal may have occurred in a minority of patients though other explanations include coding errors and delayed transition to hospice care.
